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Controlled Dry Etch of a Film 
Background 

[0001] One prior art technique for controlling the etching depth into a film requires 
embedding etch stop layers at the required trench depth. The etching solution etches 
the film at a higher rate than the etch stop layer allowing finer control of the depth. 
While this works acceptably for multiple films deposited on a substrate, e.g. dual 
damascene process in CMOS technology, it is not practical for etching into a 
substrate or a very thick homogeneous film. 

[0002] Another prior art technique, typically used in micro-electromechanical system 
(MEMS) applications, is to use a silicon-on-insulator (SOI) wafer. The etch stop 
layers are embedded into the insulator layer. This restricts the manufacturing process 
to layered silicon-insulator-silicon substrates. Adding etch stop layers into the 
insulator layer is costly and adds to their manufacturing process complexity. 

[0003] With both techniques, the embedded etch stop layers can interfere with the 
morphology and the growth phase of the device film. 

Summary 

[0004] The controlled etch into a substrate or thick homogeneous film is accomplished 
by introducing a sacrificial film to gauge the depth to which the substrate/thick film 
has been etched. Optical endpointing the etch of the sacrificial film on the etch stop 
layer allows another element of process control over the depth of the primary trench 
or via. 

[0005] An etch stop insulator film is deposited on a first film, e.g. c-Si substrate. A 
second film, e.g. amorphous Si layer, epitaxial Si, or a sacrificial film is deposited 
over the etch stop film. The second film is controllably patterned using a C12 based 
etch chemistry or adequate wet etch chemistry. The etch stop film is then removed 
using either wet or dry etch chemistry that is highly selective to both the first and 
second films. The mask is then stripped and then the principal trench is etched into 
the first film using the second film to terminate etch. 
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Brief Description of the Drawings 

[0006] Figure 1 is a process flowchart according to the present invention. 
[0007] Figures 2A-I illustrates the process flowchart shown in Figure 1. 

Detailed Description 
[0008] Unlike the prior art, in the present invention, since the substrate/thick film to be 
etched does not require embedded etch stop layers, there is reduced manufacturing 
process complexity. 

[0009] The etch of the film can be precisely controlled by conventional endpointing 
techniques, e.g. optical emission spectra or interferometry. The endpoint system can 
be tuned to detect when the etch reaches the etch stop. A timed etch approach may 
also be employed but will have lesser process control. 

[0010] The present invention allows devices that require stepped trenches in a film or 
substrate, e.g. diffractive optical elements, a greater variety of starting materials. 

[001 1] The trench depth into first film can be defined by changing the thickness of 
second film. 

[0012] Figure 1 outlines a process flowchart corresponding to the present invention. 
Figure2A-I illustrate the process flowchart shown in Figure 1 . 

[0013] In step 1 10, an etch stop film, e.g. an oxide, is deposited on a first film. In step 
120, a second film is deposited over the etch stop film. Steps 110 and 120 are shown 
in Figure 2A. In step 130, a photo-mask layer, e.g. Ash, is applied over the second 
film (Figure 2B). In step 140, the second film is controllably patterned using a C12 
based or any suitable dry or wet etch chemistry (shown in Figure 2C). In step 150, 
the etch stop film is patterned using either wet or dry etch chemistry. In step 160, the 
photo-mask is stripped (shown in Figure 2D). In step 170, a principal trench is etched 
into the first film using the second film to terminate etch (shown in Figure 2E). The 
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trench etch depth is determined by the relative etch ratio of second film to the first 
film and the time to etch the second film over the etch stop film. The process can be 
repeated from step 130 until the desired stepped trenches are created (shown in 
Figures 2F-I). 

[0014] A non-iterative processing can be used for Shallow Trench Isolation schemes 
used in CMOS processes. To create stepped or multi-level trenches, a similar but 
iterative process with a 'delayed' principal trench etch sequence (i.e. the 1 st principal 
trench etch does not occur immediately after the 1 st sacrificial + etch stop etches but 
as a consequence of the 2 nd sacrificial etch) is utilized. In the event that the trench 
depth has to be changed, the new depth can be defined by changing the thickness of 
the sacrificial film. By doing so, the substrate specifications as defined with the 
Silicon wafer vendor can be left unaltered. 

[0015] In one embodiment using the process outlined in Figure 1, the first film is a c-Si 
substrate while the second film may be an amorphous Si layer or any other available 
film, which etches in the same process chemistry as the substrate. 

[0016] In another embodiment, the first layer is low-k dielectric, where k is typically 
between 1 and 3.9, and the second layer is a amorphous silicon. 

[0017] In another embodiment, a silicon on insulator (SOI) wafer can be purchased from 
a vendor with the appropriate sacrificial epitaxial Silicon and etch stop insulator layer 
over the c-Si substrate. Hence, the first film is a c-Si substrate while the second film 
is the sacrificial epitaxial Si layer. However, any changes to the substrate trench 
depth will require retargeting the epitaxial Silicon layer thickness leading to an 
elevation in wafer or substrate cost. 

[0018] In another embodiment, an etch stop film is deposited on a thick film that has 
been already deposited on a device wafer or substrate. A sacrificial film, which 
etches in the same process chemistry as the thick film, is deposited over the etch stop 
film. The first film corresponds to the thick film, e.g. an inter-level dielectric, while 
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the second film corresponds to the sacrificial film. When the trench depth has to be 
changed, the new depth can be defined by changing the thickness of the sacrificial 
film. 

[0019] The present invention simplifies the processing of diffractive optical elements or 
other process or device schemes that require stepped trenches in a film or substrate. 

[0020] It will be obvious to one skilled in the art that a multiple layer etching structure 
can be created by layer etch stop films and amorphous Si. 
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